Background: Recurrent vulvovaginal candidiasis (VVC) has been linked to allergic disease, particularly allergic rhinitis. Objective: A pilot study to assess the possible use of the leukotriene receptor antagonist zafirlukast as a treatment for recurrent VVC. Methods: 20 women with six or more symptomatic attacks of VVC in the past year (at least four proved microbiologically). Clinical atopy determined by the International Study for Asthma and Allergies in Childhood (ISAAC) questionnaire assessed blindly. Monitoring by daily symptom diary and self taken vaginal swabs. Treatment with zafirlukast 20 mg twice daily for 24 weeks or until three microbiologically confirmed episodes of VVC. Response assessed by daily symptom diary and self taken vaginal swabs. Subjective response scales for improvement, side effects, and change in other allergic disease completed when stopping treatment. Semistructured telephone interview 1 year after stopping medication. Results: 14 patients (70%) reported a subjective response on the improvement response scale. Six (30%) showed a complete response with no further symptomatic attacks of VVC or negative swabs when symptomatic. Seven (37%) remained symptom free 18 months after entering the study-that is, 12 months after stopping therapy. 11 (58%) remained symptom free for at least 3 months after stopping therapy. This does not include one patient who remained symptom free but continued on zafirlukast because of an improvement in her asthma. There was no clear relation between response and atopic status. Six of nine atopic subjective responders reported improvements in other allergic symptoms. Side effects were minimal; one seemed clearly attributable to the drug. Conclusion: Zafirlukast offers a potential new treatment for recurrent VVC that requires confirmation in controlled studies. V ulvovaginal candidiasis (VVC) caused by Candida albicans is a common condition. In a recent random telephone dialling health survey in the United States 6.5% of adult women reported an episode of VVC in the past 2 months. 1 The same survey had 8.0% reporting a history of recurrent disease, defined as more than four attacks per year. This was estimated to cost $58.4 million per year in medical care and $19.8 million per year in medication costs for the United States. For such a common condition treatment options are limited. While treatment with azole antifungals is very effective for episodic VVC, standard short courses do not prevent relapse in recurrent VVC 2 which needs to be differentiated from other conditions such as chronic infection with non-C albicans yeasts and vulval dermatitis. 3 Currently the only treatment recommended for recurrent VVC in the UK national guidelines is suppression using oral or vaginal azole antifungals 4 based on a number of open label, nonrandomised studies. Relapse commonly occurs when treatment is stopped. 5 The pathogenesis of recurrent VVC is poorly understood. Data from humans and animals suggest that, at least in some patients, an aberrant local vaginal immune response 6 may be important in allowing persistent clonal colonisation of the vagina with C albicans in amounts too small to be cultured (so called vaginal relapse). [7] [8] [9] Recurrent symptoms occur when multiplication of these initially small amounts of C albicans and cultures then become positive once more. 8 10 11 A possible link of recurrent VVC to allergy was first suggested by Kudelko in 1971 12 and more recently Moraes has suggested this is specifically to allergic rhinitis. 13 This has led to three open label studies which have suggested that desensitisation with candidal antigens may be effective in recurrent VVC. [14] [15] [16] [17] Other allergy related therapeutic approaches have not been explored. Leukotrienes are mediators of inflammation produced by the metabolism of arachidonic acid. 18 They have been shown to be of importance in the epithelial inflammation associated with asthma 19 and allergic rhinitis. Leukotriene receptor antagonists have been shown to be effective forms of treatment in some patients with these conditions. [20] [21] [22] [23] We report an open label study of zafirlukast (Accolate, Astra Zeneca Pharma), a leukotriene receptor antagonist, in recurrent VVC.
METHODS

Study design
This was an open label pilot study.
Inclusion/exclusion criteria
Patients were eligible for the study if they had experienced six or more symptomatic attacks of VVC in the past year, of which four or more were microbiologically proved. They also described a clear, even if short lived, response to short course azole antifungal treatment-that is, 1 day courses of oral azole antifungals or 1-7 day courses of azole pessaries. Microbiological proof required vaginal swabs showing either a moderate or heavy growth of Candida species or hyphae and spores on microscopy. At least one positive swab within a month of study entry had been confirmed as C albicans. Exclusion criteria included a history of diabetes, impaired glucose tolerance, any other chronic disease except atopic asthma, eczema or rhinitis, treatment with oral steroids, pregnancy or breast feeding in the past year, post-menopausal state or taking any non-contraceptive hormone therapy.
Treatment and follow up
Treatment was with zafirlukast 20 mg twice daily to study exit. Patients were reviewed 4 weeks after entry for liver function tests and then 24 weeks after entry when medication was stopped. Patients could exit the study if they had three microbiologically proved episodes of VVC.
Investigations at entry
Entry liver function tests, random blood sugar, and full blood counts were all normal. Skin prick tests were performed at entry with a battery of aeroantigens including Der P1 (house dust mite), six grass mix, cat dander, three tree mix, Alternaria alternata, Aspergillus fumigatus, and positive and negative controls (ALK-Abello, High Wycombe, UK). A positive test was indicated by a weal 3 mm in diameter greater than the negative control. The International Study for Asthma and Allergies in Childhood (ISAAC) questionnaire was completed to define the presence of allergic rhinitis, allergic conjunctivitis, asthma, and eczema. The ISAAC questionnaire is a validated epidemiological tool for allergic diseases. Although originally designed for use in children and adolescents it has been used in older populations. 24 The questionnaires were assessed blindly by PMW and JGA with consensus over discrepant results. The questionnaire and skin prick testing were part of a larger study looking at the association between recurrent VVC and allergic rhinitis. 25 The data from this will be presented in a separate paper which will include the results of skin testing with a number of candidal antigens.
Follow up investigations
Liver function tests were taken 4 weeks after starting zafirlukast. Symptom diaries were kept recording any symptoms of vulval discomfort/itching grading this as mild, moderate, or severe. During the treatment period patients were asked, if possible, to self take vaginal swabs if they had possible symptoms of VVC with moderate/severe symptoms of itching for at least 2 days. These were directly smeared onto a microscope slide, placed into Stuart's transport media, and brought into the department within 4 hours for Gram staining and direct plating onto Sabouraud's media. Patients were allowed to self medicate if they had an episode of moderate/severe itching preferably after swabs had been taken. Treatment was with itraconazole 200 mg twice daily for 1 day, clotrimazole 500 mg, or econazole 150 mg single dose pessary according to the patient's preference. This was not recorded specifically in the diary.
For the purposes of analysis a subjective episode of VVC was defined as a discrete period of moderate or severe discomfort/itching lasting at least 2 days, with at least 2 days of no symptoms before or after an adjoining episode. These were considered proved episodes when culture positive. A complete response was defined by either having no further symptomatic episodes of VVC or having negative swabs-that is, no growth, for any subjective episodes. A subjective response was defined by an ''improvement'' scale of 5 or more at study completion.
At exit or study completion patients were asked to complete a questionnaire. This consisted of scales with a 9 cm line marked between 1 and 10 at 1 cm intervals. Patients were asked to score between 1 (nil score) to 10 (maximal score) for ''response to treatment,'' ''would take it again if the same problem,'' and ''side effects''. A similar scale was also included for ''change in symptoms of allergic disease'' with 1 representing much worse, 5 no change, and 10 completely better.
One year after stopping therapy all patients who did not have a documented outcome were contacted by phone for a short semistructured interview to assess long term response. 
RESULTS
Patients
Twenty women were entered into the study between February 2000 and August 2001. They were aged between 21 and 48 years old (mean age 33). Eighteen indicated their ethnic origin using the standard Department of Health categories as white, one as Afro-Caribbean, and one as ''other ethnic group.'' They reported between eight and 24 (mean of 12) symptomatic attacks of VVC in the previous year. The history of recurrent VVC ranged between 9 months and 20 years (mean 4.5, median 8). One patient was symptomatic at entry. This responded to antifungals and was not included in the subsequent analysis.
The overall results are summarised in table 1.
Dropouts
One patient kept her symptom diary for only the first 12 weeks. In this time she recorded three episodes of symptomatic VVC but had taken only one swab, which was positive. She was included as a non-responder and the rate of VVC doubled for the purposes of analysis for to take account of the missing data. One atopic subjective responder stopped zafirlukast after 21 weeks of treatment after bereavement. She returned after 7 months when she completed the study exit form but did not return her symptom diary. She did however state she had been completely symptom free apart from one culture proved attack of VVC. She is included as a subjective but non-''complete'' responder. She gave long term follow up information 1 year after stopping treatment.
Atopy
Of the 20 patients 12 were judged as having atopic disease from the ISAAC questionnaire (a similar proportion to that described by Moraes 13 and in the larger study that these patients were part of (White DJ, et al unpublished results)). All of these had allergic rhinitis, seven allergic conjunctivitis, four asthma, two eczema. All clinically atopic patients except one had a positive reaction to one or more of the skin prick test antigens.
Response to therapy
Two patients exited the study early (at 12 and 16 weeks) after three culture proved symptomatic episodes.
Six patients were complete responders, two of whom were clinically atopic. They had had recurrent VVC between 9 months to 16 years (mean 7.6, median 7). Two patients had had 10 and four had had 12 symptomatic attacks in the year before starting zafirlukast.
Fourteen patients were subjective responders with improvement scores of 5 or more. Nine were clinically atopic. They had had recurrent VVC between 0.75 and 20 years (mean 8, median 7.5). They had had between eight and 24 symptomatic attacks in the previous year.
There was no clear association between complete response (Fisher's exact test p = 0.67) or subjective response (Fisher's exact test p = 1.0) and atopic status.
Some patients lived a considerable distance away from the clinic and because of the need to bring swabs to the study centre in a timely manner not all subjective episodes had microbiological proof. A total of 56 subjective episodes of VVC were recorded for which 44 self swabs were taken. Thirty of these proved positive for Candida. Although collected retrospectively at study exit, response on the improvement score, correlated significantly with prospectively collected symptomatic data-that is, the number of subjective episodes of symptomatic VVC (minus negative swabs) (r = 0.67, p = 0.0013 by simple linear regression).
Six of nine atopic subjective responders reported an ''improvement in other allergic disease'' score of 7 or more for one of their allergic conditions. The one asthmatic patient chose to stay on zafirlukast because of an improvement in her asthma.
Adverse events
Adverse events were reported in four patients. One reported intermenstrual bleeding on the progesterone pill and gave a side effects score of 8 because of this. The other three patients reported a side effects score of 1. Of these one reported nasal irritation at the time of symptomatic attacks of VVC which settled by 4 months. One developed eczema which settled after 2 months. One complete responder reported worsening seborrhoeic dermatitis, which did not settle and required referral to a dermatologist. All liver function tests were within the normal ranges at entry and 4 weeks after starting zafirlukast.
Post-treatment follow up
Long term follow up data up are available up to 1 year after stopping zafirlukast for all 20 participants. Of the responders one remained on zafirlukast because of an improvement in her asthma and remained symptom free. Seven remained symptom free 1 year after stopping zafirlukast. Three were symptom free when stopping zafirlukast but relapsed after 3, 4, and 7 months and then re-responded on restarting zafirlukast. One relapsed after 7 months when pregnant. Two who had had a subjective response worsened on stopping zafirlukast and then opted to go onto suppressive antifungal treatment.
DISCUSSION
These results show a complete short term symptomatic response to treatment with zafirlukast in six (30%) of 20 women with mostly long standing and very frequently recurrent VVC. A subjective response was seen in 14 (70%) of 20 patients. Eleven of 19 (58%) remained symptom free for at least 3 months after stopping zafirlukast.
The findings of this pilot study show that zafirlukast may offer an alternative treatment to suppressive antifungals for women affected by recurrent VVC. This will need to be confirmed in a randomised and preferably placebo controlled clinical trial especially in view of the subjective nature of the data presented. Such studies should compare not only the short term response but also the long term remission rate since this was comparable in responders to that seen in similar studies of suppressive antifungals. 5 Currently zafirlukast can not be recommended as first line treatment. It may be worthwhile considering if there are no reasonable alternatives or when zafirlukast is indicated for another licensed indication.
The main end point for this study was based on subjective symptoms of vulval soreness/itching. VVC is a syndrome rather than the presence or absence of an infection 26 and such subjectivity is a problem in studying other possibly related conditions-for example, allergic rhinitis. 13 Our experience in this study highlights the importance but also the difficulty of obtaining microbiological confirmation of subjective episodes of VVC when participants need to deliver swabs within a short time to a central site or laboratory.
There were no side effects clearly attributable to the drug apart from in one patient who developed worsening of their seborrhoeic dermatitis, not previously recorded as a side effect of treatment with oral leukotriene receptor antagonists. Oral antifungals, like zafirlukast, may rarely be associated with hepatitis. Vaginal antifungals are not described as having systemic side effects and are safe in pregnancy but many women find them messy and inconvenient and they may also cause local irritation. Zafirlukast offers the additional possibility of improvement in other allergic disease and six of the nine atopic responders reported such improvements. Since this was not the main aim of the study these were based only on symptom scales and did not include objective measurements such as peak flow measurements. This is however consistent with published studies of zafirlukast and other leukotriene receptor antagonists in atopic disease. [20] [21] [22] This study arose from the association between allergic rhinitis and recurrent VVC reported by Moraes. 27 The finding that atopic status did not clearly predict response to zafirlukast was therefore unexpected. It has been suggested by Fidel that recurrent VVC may be due to an abnormality of vaginal Th1 cytokine expression expressed at the level of vaginal epithelial cells. 6 Our findings raise the possibility that this may be linked to inflammation caused by vaginal leukotriene production. A predisposition to such an inflammatory response may be only variably expressed in some individuals as allergic rhinitis. Although 35% of patients reported a complete response with no further attacks the response rate varied overall. In asthma and allergic rhinitis, the leukotriene pathway represents just one of a number of pro-inflammatory pathways and the lack of response in some patients in this study may reflect the involvement of other such pathways. Alternatively, the variable response may represent a dose-response effect. Dose-response effects have been seen for zafirlukast in asthma 28 but less obviously so for montelukast, where a plateau of effect is seen at 10 mg per day. 29 If local inflammation is a key process in recurrent VVC then the remission that sometimes occurs after suppressive antifungal therapy may possibly be the result of a reduction in such inflammation. Combination therapy with suppressive antifungals and zafirlukast might therefore conceivably have an adjunctive effect. This possibility needs exploring in further studies.
CONCLUSION
In this open label pilot study zafirlukast taken for 6 months appears to offer a potential new alternative treatment to suppressive antifungals for recurrent VVC with a 30% complete response while the patient is on therapy and a 37% complete response 1 year after stopping therapy in an open pilot study. This needs confirmation in double blind placebo controlled studies, which ideally should include comparison with, and in addition to, suppressive antifungal therapy.
